Climate change poses potential challenges to sensitive areas, such as high-elevation regions. The Yarlung Zangbo River (YLZR) basin is located in the southeast of the Qinghai-Tibetan Plateau. It contains large amounts of snow and numerous glaciers that are vulnerable to climate change. Based on daily observational data at 17 meteorological stations in and around the YLZR basin during 1957-2015, the variability of precipitation, air temperature, and streamflow were analyzed. The nonparametric Mann-Kendall test, Sen's slope estimate method, cross wavelet transform (XWT), and wavelet coherence (WTC) were used to identify the annual seasonal trends. the abrupt changes of precipitation and air temperature, and their associations with large-scale circulation. The results showed that the YLZR basin experienced an overall rapid warming and wetting during the study period, with an average warming rate of 0.33 • C/10 a and wetting rate of 4.25 mm/10a, respectively. Abrupt change points in precipitation and air temperature occurred around the 1970s and 1990s, respectively. The abrupt change points of three hydrological stations occurred around the late 1960s and the late 1990s, respectively. The precipitation, annual average temperature, and the streamflow of the three hydrological stations were negatively correlated with the Pacific decadal oscillation (PDO) and the multivariate El Niño-Southern Oscillation (ENSO) index (MEI), reaching a significant level of 0.05.
Introduction
The effects of obvious trends in global warming in recent decades have had significant impacts on global ecological, economic, and health issues [1] [2] [3] [4] [5] . Following recent economic growth and enhancement of the awareness of sustainable development, attention toward global environmental issues related to climate change is increasing [6] . Precipitation and air temperature are important indicators of climate change [7, 8] . For example, global surface precipitation has increased by approximately 2% during recent decades [9] , while global surface air temperature has increased by 0.85 • C since preindustrial times [10] . Changes in air temperature and precipitation vary widely on regional and global scales because of regional differences in natural resources [11, 12] . Shi [13] found that climate changes, including precipitation and air temperature variations, may greatly alter runoff mechanisms. In addition, air temperature and precipitation have major impacts on natural and human systems on local, regional, and national scales [14, 15] .
The Qinghai-Tibetan Plateau, which is the highest plateau in the world, has an average elevation of over 4000 m. It extends from the Pamirs in the west to the Hengduan Mountains in the east; a distance
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Study Area Description
The YLZR (27°80′-31°02′ N, 81°09′-97°10′ E), which is one of the most important rivers in China, originates at the Gyima Yangzoin Glacier (Figure 1) . Influenced by the geographical location and topography of the Qinghai-Tibetan Plateau, precipitation in the YLZR basin varies substantially between upstream and downstream areas. The annual average precipitation over the basin is 428.7 mm [49] . The upstream region, which is located within the frigid zone, has a mean annual precipitation of <300 mm. The midstream region has a continental climate with an annual precipitation of 300-600 mm. The downstream region has a maximum annual precipitation of >2000 mm [19] . The annual average air temperature in the high-elevation areas is 0-3 °C, whereas it is about 5-9 °C in the middle reaches. The monthly average highest (lowest) air temperature of the downstream watershed is between 10 and 17 (−2 and −17) °C. The basin area is 2.42 × 105 km 2 and its length is 2229 km. With an average elevation of >4600 m, the YLZR basin is one of the highest river basins in the world. The average annual runoff is 1.39 × 108 m 3 [16, 19] . The YLZR basin lies within the regions of Lhasa, Shigatse, Shannan, Ngari, Nagqu, and Qamdo and it incorporates 41 counties. The basin is considered a reference area for studying both the change and vulnerability of ecosystems in response to the effects of climate change [50] . 
Data Description
Observed daily precipitation and air temperature data are available from the National Meteorological Information Center of China (http://data.cma.cn). The dataset has been subjected to strict quality control by the National Meteorological Information Center, which has included the identification of outliers, internal consistency checks, spatial and temporal consistency checks, and correction of suspicious and erroneous data [51] . This study selected 17 stations located in and around the YLZR basin for analysis. The elevation of the selected meteorological stations was in the range of 2736-4900 m. Several of the stations had some missing data records during the early part of the study period (i.e., [1957] [1958] [1959] [1960] , accounting for about 0.33% of all the daily precipitation (or air temperature) data. Gaps in the precipitation data record were filled through spatial interpolation using the ordinary Kriging method [52] . Missing air temperature data were replaced based on data from well-correlated neighboring stations using linear regression [53] . The streamflow data are available from the Tibet Hydrology and Water Resources Investigation Bureau. This study selected three stations for analysis. 
Observed daily precipitation and air temperature data are available from the National Meteorological Information Center of China (http://data.cma.cn). The dataset has been subjected to strict quality control by the National Meteorological Information Center, which has included the identification of outliers, internal consistency checks, spatial and temporal consistency checks, and correction of suspicious and erroneous data [51] . This study selected 17 stations located in and around the YLZR basin for analysis. The elevation of the selected meteorological stations was in the range of 2736-4900 m. Several of the stations had some missing data records during the early part of the study period (i.e., [1957] [1958] [1959] [1960] , accounting for about 0.33% of all the daily precipitation (or air temperature) data. Gaps in the precipitation data record were filled through spatial interpolation using the ordinary Kriging method [52] . Missing air temperature data were replaced based on data from well-correlated neighboring stations using linear regression [53] . The streamflow data are available from the Tibet Hydrology and Water Resources Investigation Bureau. This study selected three stations for analysis. The locations of the selected meteorological stations are shown in Figure 1 . In this study, March, April, and May were defined as spring; June, July, and August were defined as summer; September, October, and November were defined as autumn, and December, January, and February, into the following year, were defined as winter.
In this paper, six kinds of atmospheric circulation indices were selected for analysis. The EASM index (EASMI) was available for direct download from the following website of Professor Li J.P.: http://ljp.gcess.cn/dct/page/65577. The multivariate ENSO index (MEI) was used to characterize ENSO events during 1957-2015. The data of the MEI, AMO, and EA/WR were obtained from the following website: http://www.esrl.noaa.gove/psd/enso/mei/index.html. The data of the NAO is available for download from the following website: https://www.cpc.ncep.noaa.gov/products/ precip/CWlink/MJO/climwx.shtml, and the PDO is available for download from http://research. jisao.washington.edu/data_sets/. The Indian Ocean Dipole (IOD) is available for download from http://www.jamstec.go.jp/aplinfo/sintexf/iod/dipole_mode_index.html.
Mann-Kendall Test
The time series of precipitation and air temperature data were subjected to the Mann-Kendall (M-K) test to detect any significant trends [54, 55] . The M-K test has particular applicability to hydrological and meteorological data with non-normal distribution. It is also often used to detect trends in the frequency of precipitation and drought under the influence of climate change. In the M-K test, the null hypothesis (H 0 ) assumes that there is no significant increased or decreased trend in the time series, while the time series has a significant variation trend based on the alternative hypothesis. The test statistic S can be defined as follows:
In the above equation, sign() is the sign function; X i is a time series from i = 1, 2, 3, . . . , n − 1 and X j is another time series from j = I + 1, . . . , n; X j is greater than X i ; n is the data set record length. The test statistic (S) is described by the Equation (2):
If the data set is identically and independently distributed, then the mean of S is zero and the variance of S is Equation (3):
where n is the length of the data set and t is the extent of any given time and represents the sum over all ties. The statistic Z, which is the M-K test value, can be calculated as shown in Equation (4):
When Z is −1.96 ≤ Z ≤ 1.96, the null hypothesis (H 0 ) is accepted, which indicates that there is no obvious trend. If Z > 0, it is increasing, whereas if Z < 0, it is decreasing. An absolute value of Z Water 2020, 12, 144 5 of 20 of greater than or equal to 1.28, 1.64, and 2.32 means it has passed the significance test of 90%, 95%, and 99% reliability, respectively.
Sen's Slope (SS) Estimator
Sen's slope estimate is a nonparametric test proposed and developed by Sen [56] , which estimates the slope of the trend of N pairs of data in n samples. It can be computed using Equation (5):
In the above equation, x j and x k are the time series values of the j-th and k-th samples, respectively;
(j > k) and N = n(n−1)
2 . By arranging the values of Q i from small to large, the median value of the Sen's slope estimate can be derived as follows:
f or N is even (6) In Equation (6), a value of Q med > 0 indicates that the test statistics have a trend of increase; otherwise, it indicates a trend of decrease.
Abrupt Change Test
By constructing an order column, the M-K test can be used to test for sequence mutations, as in the following equations:
The statistical variable can be defined as in Equation (9):
Var(S k ) (k = 1, 2, · · · , n),
Here, UF k is the standard normal distribution. For significance level α, if |UF k | > U α/2 , it indicates an obvious change in the trend of the sequence. By arranging time series X in reverse order, the calculation can be performed according to the above formula and Equation (11) can be considered:
A derived value of UF k > 0 indicates that the sequence shows an upward trend, whereas a value of UF k < 0 indicates that the sequence shows a downward trend. If the two curves of UF k and UB k intersect at a point between the critical lines, the point at which they intersect is deemed the beginning of the mutation.
Selection of Large-Scale Circulation Indices
Principal component analysis (PCA) is a statistical method and has been widely used in previous studies [57, 58] . It uses orthogonal transformation to transform the observed values of a set of possibly related variables into a set of linear independent variables. This paper used this method to select several dominant signals of the atmospheric circulation index that have influence on the YLZR basin. The principal components (PCs) of most signals were chosen as an alternative to explain the relationship between temperature or precipitation and atmospheric circulation. The detailed information of PCA was referred to several previous studies [59, 60] .
Wavelet Transform
Wavelet transform has been widely used in the fields of hydrology and geophysics [61] [62] [63] [64] . In hydrology, wavelet transform was successfully applied for time series forecasting, and it was also used to identify the trends and periodicities in hydrological variables in different regions [61] [62] [63] [64] . In this paper, we calculate the cross wavelet transform (XWT) and wavelet coherence (WTC) of air temperature or precipitation and large-scale indices by [65, 66] . The XWT identifies the common power, whereas WTC gives a measure of local correlation between two time series in the time-frequency plane. The relative phase between the two time series can also be discerned from the XWT or WTC [67] .
Results Analysis
Annual Average Precipitation and Air Temperature
Based on meteorological data acquired from 17 stations (1957-2015) in the YLZR basin, the annual average precipitation and annual average air temperature were analyzed using Sen's slope ( Figure 2 ). Generally, the average air temperature of the YLZR basin increased from upstream areas to downstream regions, but with some notable regional characteristics. In northern parts of the midstream area, the increased rate of air temperature reached its highest. The increased rate of air temperatures around the Lhasa station was the highest throughout the basin and urban built-up land use was the main land use type near the station. The increased rate of annual precipitation in the YLZR basin increased gradually from upstream areas to downstream regions. The annual precipitation and annual average air temperature increased throughout the basin. 
Temporal Variability of Precipitation and Air Temperature
The results of the analysis of long-term precipitation in the YLZR basin are shown in Figure 3 . Annual and seasonal precipitation showed trends of increase during 1957-2015. The highest (lowest) value of annual precipitation was 565.58 (341.89) mm in 1998 (1959) and the multiyear average was 466.18 mm ( Figure 3a ). The rate of increase of spring precipitation was higher than that of annual precipitation (Figure 3b ). The lowest (highest) value of summer precipitation was 195.31 (389.74) mm in 2006 (1998) and the multiyear average was 293.07 mm (Figure 3c ). Autumn precipitation showed slight Water 2020, 12, 144 7 of 20 fluctuation and a trend of increase ( Figure 3d ). The lowest (highest) value was 52.17 (131.85) mm in 1958 (1990) and the multiyear average was 91.76 mm. Precipitation in winter showed an obvious trend of increase ( Figure 3e ). The slope of the line of its linear growth was 0.54; the lowest (highest) value was 2.47 (16.77) mm in 1960 (1996) . Precipitation in summer represents the largest proportion (i.e., about 60%) of annual precipitation. A change in the trend of precipitation in summer and autumn in the last 60 years was not obvious, but the trend of increase of precipitation in spring and winter was significant, although the rate of increase of precipitation in spring was lower than in winter. The increase of annual precipitation was mainly attributable to the increase of precipitation in spring and winter. The YLZR basin experienced a wetting trend during 1957~2015 and the average wetting rate was 4.25 mm/10 a. The results of the analysis of long-term air temperature in the YLZR basin are shown in Figure 4 and both annual and seasonal air temperature showed trends of increase. The average annual, spring, summer, autumn, and winter air temperatures are shown in Figure 4a -e, respectively. The highest (lowest) annual average air temperature was 5.73 (2.72) • C, which occurred in 2009 (1962). The highest (lowest) average air temperature in spring was 6.34 (3.08) • C, which occurred in 1999 (1983) . The trend of increase of summer average air temperature was lower than that of spring. The highest (lowest) value of summer average air temperature of 13.64 (11.19) trend of both annual and seasonal average air temperature was very significant. In comparison with other seasons, the air temperature increase in winter was most significant. Thus, it is clear that the YLZR basin experienced an overall rapid warming with an average warming rate of 0.33 • C/10 a. highest (lowest) annual average air temperature was 5.73 (2.72) °C, which occurred in 2009 (1962). The highest (lowest) average air temperature in spring was 6.34 (3.08) °C, which occurred in 1999 (1983) . The trend of increase of summer average air temperature was lower than that of spring. The highest (lowest) value of summer average air temperature of 13.64 (11.19 ) °C occurred in 2009 (1976). The highest (lowest) value of average air temperature in autumn of 6.08 (3.10) °C occurred in 2009 (1965). The highest (lowest) value of winter average air temperature of −1.44 (−4.77) °C occurred in 2006 (1963) . Overall, the warming trend of both annual and seasonal average air temperature was very significant. In comparison with other seasons, the air temperature increase in winter was most significant. Thus, it is clear that the YLZR basin experienced an overall rapid warming with an average warming rate of 0.33 °C/10 a. 
Abrupt Changes of Precipitation and Air Temperature in the YLZR Basin
Climate change refers to the transition of climate from one steady state to another. It occurs when the climate system is forced to cross a threshold and trigger a transition to a new state at a certain rate determined by the climate system [68] . In this study, the M−K mutation test was used to determine the annual and seasonal changes in precipitation and air temperature in the YLZR basin. The results of the M−K mutation test of annual and seasonal precipitation are shown in Figure 5 . The UF and UB curves displayed in the figure were derived from the M−K test, and the confidence level was set at 95% (statistical significance level a = 0.05). In Figure 5 , the intersection of the UF and UB 
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Synergistic Changes of Precipitation and Air Temperatures
Previous studies have shown that there might be a weak relationship between global surface air temperature and precipitation [69] and that surface air temperature and precipitation have significant seasonal variability [11, 70] . Based on the trend rate values (Z) of air temperature and precipitation change on the annual scale, this study multiplied the Z values of the two variables to determine the region with the most significant trend of synchronous change of the two variables.
It can be seen from Figure 7 that the Shigatse, Gyangzê, and Tsedang areas have had a warming-drying trend, mainly distributed in the middle reaches of the YLZR basin, while other areas have had a warming-wetting trend. The warming-wetting trend increased gradually from upstream to downstream reaches of the YLZR basin during 1957-2015. Figure 8 showed the streamflow analysis of three hydrological stations in the YLZR basin. Over all, since the late 1960s, the annual streamflow of the three hydrological stations in the river basin has gradually decreased. In the 1970s and 1980s, it was in a stable change period and gradually increased in the late 1990s. In the 21st century, the annual streamflow increased first and then decreased. The three hydrological stations had the same trend. 
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Streamflow
Detection of Change Points in Streamflow Time Series
The change point analysis indicated several change points at three hydrological stations ( Figure 9 ). The test results of the mean streamflow at three stations showed an upward change that occurred around 1965 and 1967. After 2000, the three hydrological stations exhibited fluctuation change. Between the 1970s and the 1990s, the annual streamflow showed a downward change. 
Correlations between the Hydro-Meteorological and Large-Scale Circulations
In this study, PCA was used to extract the PCs, of which the cumulative variance contribution rate was higher than 85% from atmospheric circulation indices ( Table 1 ). The PCs mainly consist of IOD, PDO, and MEI, which contribute to 88.1% cumulatively. Therefore, this paper mainly analyzes the influence of these three indexes on precipitation, temperature, and streamflow. Based on the method of XWT and WTC, the time-frequency relationship among precipitation, temperature, streamflow, and atmospheric circulation indices in the YLZR basin during 1957-2015 was analyzed. The XWT and WTC were used to diagnose the similarity between two variables by analyzing the common wave signal between two variables. In this paper, the XWT was used to analyze the correlations among precipitation, air temperature, and atmospheric circulation indices in the high energy spectral region in the time and frequency domain, while the WTC was used to analyze the correlation between them in the low energy spectral region in the time and frequency domain. The XWT is useful for finding the regions in the time-frequency domain with large common power between/among the time series, while WTC shows significant coherence of 
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negatively correlated with all three indices, reaching a significant level of 0.05. The PDO had a 1~6a resonance period with the annual average temperature, and the arrows were inclined to the lower left, indicating that PDO lagged behind the annual average temperature by 2.25a on a scale of 6a. The MEI lagged behind the annual average temperature by 2.25a on a scale of 1~6a. The IOD had the same trend with the PDO. It can be seen that the annual average temperature was affected by a variety of factors in different time scales. According to Figures 10 and 11 , the three large-scale circulation indices had a greater impact on the temperature of the YLZR basin than on the precipitation. These observations seem to indicate a clear link between the annual average temperature, precipitation, and the three large-scale circulation indices at around the 4-year band, during 1980-1990. According to Figure 10 , there was a certain correlation between the annual precipitation of the YLZR basin and the PDO, MEI, and IOD at different time scales, respectively. The annual precipitation was negatively correlated with three indices, reaching a significant level of 0.05. The PDO had a 1~4a resonance period with annual precipitation, and the arrows were inclined down, indicating that PDO lagged behind the annual precipitation by 1a around 1970 at a 4a scale. The MEI lagged behind the annual precipitation by 1.5a around 1970 at a 4a scale. In the regions of no significant wavelet power, the phase relations were disordered and no clear changing pattern could be identified. It can be seen that the complexity of precipitation was affected by many factors. Although these three indices shared several cycles with precipitation, they were also inconsistent. The MEI had stronger effects on precipitation.
Over the years, the temperature in the YLZR basin also changed. Figure 11 was the cross transform and wavelet coherence of the annual average temperature of the YLZR basin with PDO, MEI, and IOD, respectively. The same as fir precipitation, the annual average temperature was negatively correlated with all three indices, reaching a significant level of 0.05. The PDO had a 1~6a resonance period with the annual average temperature, and the arrows were inclined to the lower left, indicating that PDO lagged behind the annual average temperature by 2.25a on a scale of 6a. The MEI lagged behind the annual average temperature by 2.25a on a scale of 1~6a. The IOD had the same trend with the PDO. It can be seen that the annual average temperature was affected by a variety of factors in different time scales. According to Figures 10 and 11 , the three large-scale circulation indices had a greater impact on the temperature of the YLZR basin than on the precipitation. These observations seem to indicate a clear link between the annual average temperature, precipitation, and the three large-scale circulation indices at around the 4-year band, during 1980-1990. . The meaning in the figure is the same as in Figure 10 . Figure 12 was the cross transform and wavelet coherence of the annual streamflow of the YLZR basin with PDO, MEI, and IOD, respectively. The precipitation was positively correlated with the annual streamflow of three stations, reaching a significant level of 0.05. The precipitation had a great impact on the discharge of the YLZR basin. There was a high consistency between precipitation and streamflow. These observations seem to indicate a clear link between the streamflow and the three large-scale circulation indices at around the 2-year and 12-year bands during 1980-1990. Cross wavelet transform of streamflow of selected hydrological stations in the basin with MEI, PDO, and IOD is shown in Figure 13 . Wavelet coherence of streamflow of selected hydrological . The meaning in the figure is the same as in Figure 10 . Figure 12 was the cross transform and wavelet coherence of the annual streamflow of the YLZR basin with PDO, MEI, and IOD, respectively. The precipitation was positively correlated with the annual streamflow of three stations, reaching a significant level of 0.05. The precipitation had a great impact on the discharge of the YLZR basin. There was a high consistency between precipitation and streamflow. These observations seem to indicate a clear link between the streamflow and the three large-scale circulation indices at around the 2-year and 12-year bands during 1980-1990. . The meaning in the figure is the same as in Figure 10 . Figure 12 was the cross transform and wavelet coherence of the annual streamflow of the YLZR basin with PDO, MEI, and IOD, respectively. The precipitation was positively correlated with the annual streamflow of three stations, reaching a significant level of 0.05. The precipitation had a great impact on the discharge of the YLZR basin. There was a high consistency between precipitation and streamflow. These observations seem to indicate a clear link between the streamflow and the three large-scale circulation indices at around the 2-year and 12-year bands during 1980-1990. Cross wavelet transform of streamflow of selected hydrological stations in the basin with MEI, PDO, and IOD is shown in Figure 13 . Wavelet coherence of streamflow of selected hydrological Figure 12 . Wavelet coherence and cross wavelet transform of discharge of three hydrological stations with an annual average precipitation . The meaning in the figure is the same as in Figure 10 . Cross wavelet transform of streamflow of selected hydrological stations in the basin with MEI, PDO, and IOD is shown in Figure 13 . Wavelet coherence of streamflow of selected hydrological stations with MEI, PDO, and IOD is shown in Figure 14 . Figure 13 shows that the three hydrological stations had similar trends. The streamflow in the basin was negatively correlated with MEI and PDO on a scale of 2-4a. This indicates that, with the increase of MEI and PDO, the precipitation will decrease and the streamflow of the three hydrological stations in the basin will decrease. The relationship between IOD and the runoff was not consistent at different time scales. Figure 14 indicates that, in the low energy spectrum, there was no consistent relationship between the three atmospheric circulation indexes and the streamflow of the three hydrological stations in the basin, and the relationships were different on different time scales. There is no clear changing pattern in the regions of no significant wavelet power.
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Discussion
Generally, the test results are characterized by statistically significant increasing trends in temperature and precipitation, a mixture of increasing and decreasing trends in streamflow. To examine the main causes of the changes in air temperature, precipitation, and streamflow in the YLZR basin, we further calculated the circulation map using National Centers for Environmental Prediction /National Center for Atmospheric Research (NCEP/NCAR) reanalysis data during 1957-1970, 1971-1990, and 1991-2015 , respectively, to detect the impacts of large-scale circulation changes on precipitation and air temperature. The years 1971-1990 were subtracted from 1957-1970 to detect the changes in circulation between the two periods. The periods 1971-1990 and 1991-2015 were the same as the former (Figure 15 ). Figure 15a indicated that the study area was controlled by an anomaly low pressure. This kind of atmospheric mode provided a favorable environment for the increasing temperature in the study area. Figure 15b indicated that the study area was located around an anomaly high-pressure ridge. This kind of atmospheric mode indicated that the precipitation was slightly lower than Figure 15a and was consistent with Figure 3a . Therefore, a variation of geopotential height, wind speed, and rapid warming contributed to the changes in precipitation.
The studies showed that the distribution characteristics of precipitation and air temperature of each season were different [71, 72] . Previous studies have shown that the PDO has an interdecadal regulating effect on global climate change [73] . Generally, precipitation in most areas of China decreases during an El Niño/PDO warm period and increases during a La Niña/PDO cold period, although regional and seasonal differences exist [74, 75] . Other studies have found that the interannual change of early summer monsoon precipitation in southern China is regulated 
Generally, the test results are characterized by statistically significant increasing trends in temperature and precipitation, a mixture of increasing and decreasing trends in streamflow. To examine the main causes of the changes in air temperature, precipitation, and streamflow in the YLZR basin, we further calculated the circulation map using National Centers for Environmental Prediction /National Center for Atmospheric Research (NCEP/NCAR) reanalysis data during 1957-1970, 1971-1990, and 1991-2015 , respectively, to detect the impacts of large-scale circulation changes on precipitation and air temperature. The years 1971-1990 were subtracted from 1957-1970 to detect the changes in circulation between the two periods. The periods 1971-1990 and 1991-2015 were the same as the former (Figure 15 ). Figure 15a indicated that the study area was controlled by an anomaly low pressure. This kind of atmospheric mode provided a favorable environment for the increasing temperature in the study area. Figure 15b indicated that the study area was located around an anomaly high-pressure ridge. This kind of atmospheric mode indicated that the precipitation was slightly lower than Figure 15a and was consistent with Figure 3a . Therefore, a variation of geopotential height, wind speed, and rapid warming contributed to the changes in precipitation. temperature, precipitation, and streamflow. The streamflow of different stations showed a similar change point. According to the change point analysis, we can know that the streamflow gauging stations in the late 1960s and the late 1990s were the dominant change times. The rainfall variation had a significant impact on streamflow in the catchment. The trend results showed spatial coherence of three streamflow gauging stations and the annual streamflow for the investigated stations exhibited a mixture of increasing and decreasing trends during 1957-2015. 
Conclusions
In this study, space-time distribution characteristics, trends, abrupt changes, and periods of annual and seasonal precipitation series in the YLZR basin are analyzed during 1957-2015. The following conclusions can be summarized from the above analysis results.
(1) Distribution of precipitation is uneven in space, with more in the southeast. The inter-annual variation of precipitation showed a clear regional and seasonal difference in the YLZR basin. Areal annual precipitation exhibited an increasing trend from 1957 to 2015, which was mainly attributable to increased summer precipitation. Spring precipitation exhibited a significant increasing trend. The change points mainly appeared in the 1970s and 1990s.
(2) Due to the different natural topography, geographical location, and anthropic activities at the gauging stations, the different hydrological stations showed different results of abrupt changes. Under the background of global warming, the precipitation variation of the YLZR basin was influenced by atmospheric circulations, altitude, and anthropic activities.
(3) At different scales, precipitation or temperature changes in advance lagged the atmospheric circulation factor. PDO, MEI, and IOD had same influences on precipitation and temperature.
The mechanism of change of precipitation, air temperature, and streamflow within the YLZR basin is very complicated. This study analyzed only the spatiotemporal variability of hydro-meteorological and it correlations with climate indices. Moreover, this study did not consider the impact of human activities and the altitude on the changes of regional precipitation and air temperature. In the future, relevant indicators should be selected for further analysis and the impact of human activities should be analyzed. Related research will provide a scientific theoretical basis for water issues under climate change and help us to improve areal hazard mitigation and water resources management.
Author Contributions: Individual contributions of authors was as follows: Conceptualization, Z.X. and R.Z.; methodology, R.Z.; data processing, R.Z. and C.B.; writing-original draft preparation, R.Z.; writing-review and editing, Z.X. and D.Z. The studies showed that the distribution characteristics of precipitation and air temperature of each season were different [71, 72] . Previous studies have shown that the PDO has an interdecadal regulating effect on global climate change [73] . Generally, precipitation in most areas of China decreases during an El Niño/PDO warm period and increases during a La Niña/PDO cold period, although regional and seasonal differences exist [74, 75] . Other studies have found that the interannual change of early summer monsoon precipitation in southern China is regulated significantly by the decadal fluctuation of the PDO [76, 77] , and the relationship between the PDO and precipitation shows instability in the region of the Qinghai-Tibetan Plateau [78] . The response of annual average air temperature to ENSO is weak within the YLZR basin [79] . This study found that the PDO was correlated negatively with annual average precipitation within the YLZR basin at a significant level (p < 0.05).
The seasonal rainfall had a great contribution to the annual rainfall and therefore affected the runoff. The abrupt change test result indicated different times that were not were not consistent for temperature, precipitation, and streamflow. The streamflow of different stations showed a similar change point. According to the change point analysis, we can know that the streamflow gauging stations in the late 1960s and the late 1990s were the dominant change times. The rainfall variation had a significant impact on streamflow in the catchment. The trend results showed spatial coherence of three streamflow gauging stations and the annual streamflow for the investigated stations exhibited a mixture of increasing and decreasing trends during 1957-2015.
